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6.0 METEOROLOGICAL DATA PROCESSING METHODS

This section provides methods for processing of meteorological data
and preparing it for input to a regulatory air poliution model. Regulatory
models generally require hourly averages of particular meteorological vari-
ables, usually including the primary variables of wind speed and wind direc-
tion, and the derived variable of atmospheric stability category at a
minimum. The stability category is an indicator of the dispersive capacity
of the atmosphere. These hourly values may be obtained by averaging samples
over an entire hour or by averaging a group of shorter period averages. If
the hourly value is to be based on shorter period averages, then it is recom-
mended that 15-minute intervals be used. At least two valid 15-minute peri-
ods are required to represent the hourly period. The use of shorter period
averages in calculating an hourly value has advantages in that it minimizes
the effects of meander under light wind conditions in the calculation of
the standard deviation of horizontal wind direction fluctuations, and it
provides more complete information to the meteorologist reviewing the data
for period; of transition. It also may allow the recovery of data that
might otherwise be lost if only part of the hour were missing.

The processing-df primary meteorological variables, including computa-
tions of means and standard deviations, is addressed in Sections 6.1, 6.2
and 6.3. Section 6.4 describes processing methods for several derived
meteorological variables that are used in air pollution modeling. Prepara-
tion of data for model input is addressed in Section 6.5, and the use and
representativeness of off-site data for modeling is the subject of Section

6.6. Recommendations are summarized in Section 6.7,




6.1 Wind Data Processing

This discussion outlines computations for processing wind data.
There are several statistics used in meteorology to describe the wind, and
they vary according to application. It is assumed that data result from the
operation of a cup or propeller and vane instrument system. At a minimum,
the horizontal wind direction and speed are available. If the vane is a
bivane, then the elevation angle data are also available.

The wind has both an orientation (direction) and a magnitude (speed),
and is therefore a vector quantity, but speed and direction can also be
treated separately as scalar quantities. Dilution calculations depend on the
magnitude and not the direction of the wind vector, and should therefore be
based on the scalar mean'wind speed. The vector (resultant) mean wind speed
should not be used for dilution. In a variable trajectory model or a model
that accepts a separate wind speed to predict transport time, the vector mean
wind speed may be appropriate. While not in coﬁmon use, the harmonic mean
(scalar) wind speed is also appropriate and may be used for modeling dilution.

In straight-line Gaussian models, the atmospheric transport of
effluents should be modeled using the scalar mean wind direction. For micro-
processor based systems, unit vecfor mean wind direction is also acceptable
for modeling transport. Use of the wind-speed-weighted vector mean wind
direction is not recommended for this application because it will bias the
Jocation of the plume toward higher wind speeds, and therefore generally
smaller concentrations. However, in a variable trajectory model the vector
mean wind direction may be used to model the transport direction. An excep-

tion to these recommendations is made for Doppler SODAR systems (Section 9.0),



which are designed to calculate the vector mean wind speed and direction.

Scéiar processing of SODAR data should be employed wherever possible.

6.1.1 Notation

(a) Observed raw data

horizontal wind speed

horizontal wind direction, measured clockwise
from north, values restricted to between 001 '
and 360 degrees (inclusive)

vertical wind speed

elevation angle of the wind (also called the
vertical wind direction)

(b) Scalar wind computations

us
UH
AS
WS
ES

oy
oA
oW

3

mean horizontal wind speed

harmonic mean wind speed

mean horizontal wind direction

mean vertical wind speed

mean elevation angle (or vertical wind direction)

standard deviation of horizontal wind speed
fluctuations

standard deviation of horizontal wind direction
fluctuations

standard deviation of the vertical wind speed
fluctuations

standard deviation of the elevation angle (or
vertical wind direction) fluctuations

(c) Vector wind computations

uv
AV
)
Ve

Vn
VX
Vy
X»Y¥»Z

resultant mean horizontal wind speed

resultant mean horizontal wind direction

unit vector mean horizontal wind direction

mean east-west component of wind (positive
toward east)

mean north-south component of wind (positive
toward north) -

mean east-west unit vector component

mean north-south unit vector component

standard right hand rule coordinate system with
x-axis aligned towards the east

6.1.2 Computation

By employing single-pass processing techniques, the formulas
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presented promote real-time processinc of the data as it is collected. Com-

putation of the statistical descriptors of the wind occurs after the data
validation checks. During these quality assurance checks, some of the data
may be flagged as suspect or invalid. Therefore, the series of observations
processed may not consist of consecutive values equally spaced in time.
Sporadic loss of data values is acceptable. Lohg periods of invalid data
obscure the interpretation of statistical descriptors of the wind. Specific
guidance for handling calms and missing data as model inputs is offered in
Sections 6.5.2 and 6.5.3. Data validation recommendations are provided in

Section 8.6.

6.1.2.1 Scalar

The scalar mean horizontal wind speed is,
us = (1/N) I U4 , (6.1.1)

where N is the number of valid values. The harmonic mean (scalar) wind speed

is,
UH = N/ § (1/u4). (6.1.2)
The standard deviation of the horizontai wind speed is,
oy = [am) T u? - ushH]M (6.1.3) .

The horizontal wind direction is a circular function
with values limited to between 001 and 360 degrees. To handle the wind direc-
tion scale discontinuity requires some special processing.

If the time interval between observations is short
enough (see Section 6.1.4), then the difference, DELTA, between consecutive
wind direction observations can be assumed to be less than 18L degrees} In

such cases, the mean horizontal wind direction is,



AS = (1/N) ¥ D;(i) (6.1.4)

where
Di(i) = Aj (1) for i=1
and Di(i-l) + DELTA + 360 if DELTA < -180
Dj(i) = Di(i-]) + DELTA if DELTA < 180
Di(i-l) + DELTA - 360 1if DELTA > 180
DELTA = Ai(i) - Di(i-]), for i > 1.

 This procedure should also be used to average four 15-minute average wind
directions to obtain an hourly average. The standard deviation of the
horizontal wind direction is,

op = [y § (Diz - ASZ)

The mean wind direction and the standard deviation have the units of degrees

112 (6.1.5)

The mean wind direction computed using (6.1.4) may not be between 001 and
360 degrees. If the result is less than 001 degree or greater than 360
degrees, increments of 360 degrees should be added to or subtracted from
the answer, as appropriate, until the result is between 001 and 360 degrees.
Cases will arise when the difference in adjacent
wind direction observations cannot be assumed to be less than 180 degrees.
In such cases, approximation formulas are useful for computing the standard
deviation of the horizontal wind direction. Mardia2% shows that a suitable

estimate of the standard deviation (in radian measure) is,

o = [-2 1n(R)] "2 (6.1.6)
where

R = (SaZ + CaZ) 172

Sa = (1/N)  sin(A{)

Ca

(1/N) I cos(Aj).
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Several methods for calculating the standard deviation have been compared,25

and a method which provided excellent results over the entire range of

possible standard deviations can be expressed as:26

arcsin(e) [1. + 0.1547 €] (6.1.7)

oA

where

[1. - GTTAD? + cesTAn ]2,

[y ]
]

The standard deviation of the vertical wind speed

fluctuations is,

1/2 (6.1.8)

[am § o2 - ws?))
(1/N) § w5,

Similarly, the standard deviation of the vertical wind direction fluctuations

oW
WS

is,
1/2 (6.1.9)

o = [AM) § (§° - B57)]
ES = (1/N) ] Ej.
To minimize the effects of meander under light wind
speed conditions on op for the hour, it is recommended that four 15-minute
values be computed and averaged as follows:

‘ 2 2 2 2 172
OA(I-hl‘) = [(GAIS + oA30 + oAI.S + GAGO )/4] (6.1.10)

6.1.2.2 Vector
From the sequence of N observations of Ai'and Ui,
the mean east-west, Vg, and north-south, V,, components of the wind are,
-(1/N) I Uj sin(Aj) (6.1.11)
-(1/N) ) Uj cos(Aj). (6.1.12)

Ve

Vn

The resultant mean wind speed and direction are,
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uv ='(ve2 N (6.1.13) .
AV = ArcTan(Ve/Vg) + FLOW (6.1.14)
where
+180° ArcTan(Vg/V,) < 180°
"M a0 ArcTan(Vg/V,) > 180°

Equation 6.1.14 assumes the angle returned by the ArcTan function is in
degrees. This is not always the case and depends on the computer processor.
Also, the ArcTan function can be performed several ways. For instance, in
FORTRAN either of the following forms could be used,

ATAN(Va/Vp)

or ATAN2(Ve, Vp).
The ATAN2 form avoids the extra checks needed to insure that Vn is nonzero,

and is defined over a fﬁ]] 360° range.

6.1.2.3 Unit vector
The unit vector approach to computing mean wind
direction is similar to the vector mean described above except that the
east-west and north-south components are not weighted by the wind speed, Uj.

Equations 6.1.11 and 6.1.12 become

Ve = =(1/N) I sin(A;) ' (6.1.15)
Vy = -(1/N) } cos(Aj) (6.1.16)
The unit vector mean wind direction is then
DV = ArcTan(Vx/Vy) + FLOW (6.1.17)
where
+180° ArcTan(Vy/Vy) < 180°
FLOW =
-180° ArCTan(Vx/Vy) > 180°
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In general, the unit vector result will be comparable to the scalar average

wind direction, and may be used to model plume transport.

6.1.3 Vertical Profiles

- For convenience, in non-éomplex terrain up to a height of
about 200m above ground level, it is assumed that the wind profile is
reasonably well approximated as a power-law of the form,

US = UR(Z/ZR)P | (6.1.18)

where

the scalar mean wind speed at height Z above
ground

us

UR = the scalar mean wind speed at some reference
height ZR, typically this is 10 meters
p = the power-law exponent.

The power-law exponent for wind speed typically varies from about 0.1 on a
sunny afternoon to about 0.6 during a cloudless night. The larger the power-
law eiponent the-stronger the vertical gradient in the wind speed. Although
the power-law is a useful engineering approximation of the average wind speed
profile, actual profiles will deviate from this relationship.

Site-specific values of the power-law exponent may be deter-

mined for sites with two levels of wind data by solving Equation (6.1.18) for p,

p=1n 505[ - 1In ’UR). -
n - In (ZR (6.1.19)
As discussed by Irwin2?, wind profile power-law exponents are a function
of stability, surface roughness and the height range over which they are

determined. Hence, power-law exponents determined using two or more levels

of on-site wind measurements should be stratified by stability and surface
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roughness. Surface roughness may vary as a function of wind azimuth and

and season of the year (see Section 6.4.2). If such variations occur, this
would require azimuth and season dependent determination of the wind profile
power-law exponents. The power-law exponents are most applicable to heights
within the height range and to the season of the wind data used in their
determination. Use of these wind profile power-law exponents for estimating
the wind at levels above this height range or to other seasons should only

be done with caution. The default values used in regulatory models are as

follows:

Stability Urban Rural

Category p value p_value
A 0.15 0.07
B 0.15 0.07
c 0.20 0.10
D 0.25 0.15
E 0.30 0.35
F 0.30 0.55

The following discussion presents a method for determining
at what levels to specify the wind speed on a multi-level tower to best
represent the wind speed profile in the vertical. The problem can be
stated as, what is the percentage error resulting from using a linear
interpolation over a height interval (between measurement levels), given
a specified value for the power-law exponent. Although the focus is on
wind speed, the results are equally applicable to profiles of other

meteorological variables that can be approximated by power-laws.
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Let UL represent the wind speed found by linear interpola-

tion and US the “correct” wind speed. Then the fractional error is,
FE = (UL - US)/US. (6.1.18)
The fractional error will vary from zero at both the upper, ZU, and lower,
ZL, bounds of the height interval, to a ma;imum at some intervening height, ZM.
If the wind profile follows a power-law, the maximum fractional error and the

height at which it occurs are,

M = [pzL/(p-1)] - [p/(p-1)I(ZL/ZR)P(ZU-IL)/A (6.1.19)
ZR)P-(ZM/ZR)P+A (ZM-ZL)/(ZU-ZL 6.1.20
MAX(FE) = (ZL/ZR) i(ﬁz'/w){); ( )/( ) ( )
where
A = (ZU/ZR)P - (ZL/ZR)P.

As an example, assume p equals 0.34 and the reference height is 10m. Then
for the following height intervals, the maximum percentage error and the

height at which it occurs are,

Height interval Maximum percentage Height (ZM) of maximum

(meters) error (%) error (meters)
2 -10 -6.83 4.6

10 - 25 -2.31 16.0

25 - 50 , -1.33 35.6

50 - 100 -1.33 71.2

¥

As expected, the larger errors occur for the lower heights where the wind
speed changes most rapidly with height. Thus, sensors should be spaced
more closely together in the lower heights to best approximate the actual

profile. Since the power-law is only an approximation of the actual profile,
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errors can occur that are larger than those estimated using (6.1.20). Even .

with this limitation, the methodology is useful for determining the optimum
heights to place a limited number of wind sensors. The height ZM represents

the optimum height to place a third sensor given the location of the two

surrounding sensors.

6.1.4 Sampling Rate

Substantial evidence and experience suggest that 360 data
values evenly spaced during the sampling interval will provide estimates of
the standard deviation to within 5 or 10%.%5 Estimates of the mean should be
based on at least 60 samples to obtain a similar level of accuracy. Some-
times fewer samples will perform as well, but no general guide can be given
fbr identifying these cases before sampling.

In Section 6.1.2.1, a single-pass method is presented to
handle the scale discontinuity in making calculations with the horizontal
wind direction (Equations 6.1.4 and 6.1.5). It requires the difference
between consecutive values to always be less than 1809, To assure this, it
is recommended that at least one value be sampled every 1 second. For
sampling durations less than 6 minutes when standard deviation calculations
are made, increase the sampling rate to maintain at least 360 samples during
the period. For instance, for a 3 minute sampling duration, sample one value

at least every 0.5 seconds.

6.2 Temperature Data Processing

Atmospheric temperature measurements have three basic uses: (1) as

a local measure of air temperature; (2) as a measurement used to determine
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lapse rates and inversions; and (3) high frequency temperature measurements

are taken together with high freqeency velocity measurements to calculate
the vertical transport of heat near the earth's surface.

Point values of temperature are used in calculating the initial
buoyancy flux in plume rise calculations via

F=9(Tp - Te)V/Tp, (6.2.1)

where the subscripts p and e indicate plume and environmental values,
respectively, and V is the volume flux (Hanna et al).14 Point values of
temperature are also used in converting pollutant concentrations from
g kg‘1 to ppm. These are the only two important uses of point values of
temperature in air pollution modeling. For these two applications, 15-minute
averaged values are the best choice, but hourly averaged values or instan-
taneous values are acceptable as neither of these calculations are sensitive
.to small errors in the ambient temperature. The average temperature is

calculated by

T=1/N]Ty4 (6.2.2)
where
T = mean temperature
T = observed temperature sample
N = number of samples in averaging period

In determining the vertical temperature gradient, AT, the rela-
tive accuracy and resolution of the thermometers are of critical impoftance.
The measured temperature gradients are used in determining stability para-
meters such as the bulk Richardson number, the Monin-Obukhov length, etc.,

which are meaningful only in representing the mean state of the atmosphere.
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For this purpose, two matched thermometers are generally located at 2m and

10m above the surface and yield a temperature difference of at most a few
degrees Celsius. During the daytime the recommended time averaging period
is 15 minutes. The sample time for constructing averages should be long
enough for the averages to be statistically stable, but short enough so
that diurnal effects are minimal. The rapid changes due to the rising and
setting of the sun are minimized by this averaging time. In non-complex
terrain during the nighttime hours the structure of the boundary layer and
surface layer change more slowly as surface radiative effects dominate
convecfive exchanges of heat. Therefore, during the nighttime a one hour
averaging time is sufficient for most applications. The vertical tempera-
ture gradient may aiso be used in determining plume rise during stable
atmospheric conditions. In this case, it is preferrable to make the measure-
ment across the plume rise layer. A minimum height separation of 50m is
recommended for this application. The temperature difference, AT, is
then calculated by
AT = 1/N ] AT (6.2.3)

The calculation of non-Pasquill stability parameters is discussed briefly
in section 6.4.5 and in detail in Paumier et al.Z8

The final use of temperature data is in the measurement of vertical
heat flux, H, which may be used in the determination of Monin-Obukhov length.
A fast response anemometer and thermometer are operated together to calculate
P Cp wTr
P Cp (1/N) § (Nj-ﬁ)(T-i-T)
p cp [(1/N) I WiTj = (1/N2)(] T4)(L Wi)] (6.2.4)

H
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where w' and T. are deviations from the mean, W and Ti are the measured

values, and W and T are mean values of vertical wind speed and temperature;
respectively, p is the air density, and ¢cp is the specific heat of air at
constant pressure. The averaging time is usually 15 minutes during daylight
hours and 60 minutes at night.

Measurement of the vertical flux of heat is usually done only in
research projects because of the expense of the instruments and the complexity
of the data analysis procedures. The location of the instruments will

depend on the pbob]em being studied and thé type and number of instruments

being used.

6.3 Data Processing for Other Primary Variables

If digital data are available for dew point, pressure and
radiation, 15-minute or hourly averages should be constructed. If digital
data are not available, a one-hour point or a one-hour analog average value
should be recorded for each of these variables. Precipitation data should

be processed to yield a total for every hour.

6.4 Processing Derived Meteorological Variables

This section provides processing recommendations for several
derived meteorological variables that are utilized in air pollution modeling.
Standard computations of first and second moments (means and standard devia-
tions) of primary meteorological variables are addressed in Sections 6.1

through 6.3.
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6.4.1 Standard Deviation of Vertical Wind Direction

The standard deviation of the vertical wind direction
fluctuations, op, may be used to determine Pasquill stability categories

for regulatory models (Section 6.4.4.2). This section discusses approximat-

ing of as,
of = oy/US (6.4.1)
where
of = standard deviation of the vertical wind
direction fluctuations
oy = standard deviation of the vertical wind
speed fluctuations
US = scalar mean wind speed.

It should be noted that of in this discussion is in radian measure.

Weber et al.29 report good performance for this approxima-
tion for cases when wind speeds are greater than 2 m/sec. The site location
was near the Savannah kiver Laboratory (SRL), which is near Augusta, Georgia.
The sampling rate was one value every 0.2 seconds. The sampling duration
was 40 minutes. For the 714 cases analyzed, the correlation coefficient
(r2) was 0.99. Least squares regression results suggest a tendency for
oy/US to underestimate og/US by about 3%.

Dein130 analyzed data collected over a one year period. The
sampling rate was one value every 10 seconds. The sampling duration was 30
minutes. The study location was in the San Juan Basin near Los Alamos, New
Mexico. About 26% of the periods had wind speeds less than 2 m/sec. The

approximation of of by oy/US was adequate for those cases with wind
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speeds greater than 2 m/s. The comparison was not as good as with the SRL-

study. The performance varied depending on the overall turbulence intensity.
When the bivane of values were greater than 3%, there was a slight tendency
to underestimate of. Hhen'the bivane values of of were less than 39,

there was an increasing tendency to overestimate of. Overestimates of a
factor of two occurred for some of the cases. This was especially true

when the bivane of values were less than 1°.

The correlation of of and oy/US markedly decreased
for those cases when the wind speed was less than 2 m/sec. For these low
wind speed cases, there was a bias to overestimate the value of of by
30% when using oy/US.

It is concluded from these studies that of is best
approximated by oy/US when,

- wind speeds are greater than 2 m/sec, and

- op is greater than 39,

Turbulence intensities are minimal during stable nighttime
conditions. This is especially true when there are no clouds to retard the
radiative cooling at the surface. During such times the winds diminish at
the surface and fhe turbuience intensities are quite low. These are demand?
ing times for any turbulence measuring instrument. During these times, the
bivane appears to better respond to the turbulent fluctuations in the

vertical than a propeller anemometer.

6.4.2 Surface Roughness Length
The surface roughness length, z5, forms the lower boundary

in diffusion models. In surface layer similarity theories, it is the scaling
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length’for the vertical coordinate. It is also used in adjusting stability
categ&%y boundaries for vertical and lateral turbulence statistics, of
and op (Sections 6.4.4.2 and 6.4.4.3).

‘ The length z5 is in principle the height at which the wind
speed is zero. For homogeneous terrain, the larger the roughness elements
of the landscape then the larger is the length.z,. When the terrain is

.homogeneous, the roughness 1ength can be determined using observed wind
profiles during near neutral conditions by extrapolating a logarithmic
profile to zero wind speed.

As is more often the case, the landscape contains
occasional ob;tructions or large perturbations. For these situations, the
effective roughness length must be determined for use in the surface layer
similarity relationships. The effective roughness length is best determined
using o,/US data or gust1‘ness.31'32 The relationship between o)/US

and z, is,
oy/US = 1/In(Z/z,) (6.4.2)

where Z is the measurement height of oy and US. The estimation procedure
involves only cases when the 10m scalar averaged wind speed is greater than
5 m/s. The sampling duration for oy and US should be at least 3 minutes
and may be as long as 60 minutes. The procedure has been applied success-
fully using 15 minute data,33

Turbulence data at several levels may be available
for use in the analysis. To select the levels for use in the analysis, an
initial estimate of the effective roughness length must be made. A visual

inspection of the landscape is sufficient for this initial estimate using
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Table 6-1.32 Only data collected above 20z, and below 100z, are selected’

for use in the analysis. For sites with very low roughness, these criteria .
are slightly modified. The lower bound of measurement height should never be
less than 1.0m. The upper bound should never be less than 10m.

Estimates of z, should be made for each case using (6.4.2). ,
The results should be sorted by wind sector. As many wind sectors as needed
to distinguish between major variations should be selected. No sector shoulq
be less than 30 degrees in width. For each sector, the median zy value should
be computed, and the results inspected to determine whether the variation
between sectors is significant. For sectors with no significant variation in
the median z, values, an average of the median values should be computed.

The resulting estimate of z, is aécurate to one significant
figure, e.g., a computed z, value of 0.34m is rounded to 0.3m for use in
succeeding diffusion analyses.

Table 6-1, Terrain Classification in Terga of Effective
Surface Roughness Length, z,.

Short terrain description zg(m)
Open sea, fetch at least 5 km 0.0002
Open flat terrain; grass, few isolated obstacles 0.03

Low crops, occasional large obstacles, x'/h > 20* 0.10
High crops, scattered obstacles, 15 < x'/h < 20 0.25
Parkland, bushes, numerous obstacles, x'/h 10 0.5

Regular large obstacle coverage (suburb, forest) (0.5-1.0)

* x' = typical distance to upwind obstacle; h = height of obstacle.
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6.4.3 Surface Friction Velocity

The characteristic velocity based on surface stress is

called the friction velocity, u*. It is defined as,

u* (rc,/p‘,)“2 . (6.4.3)

where

= T Ll
To - -pou w

representative boundary layer air density

©
(=]
n

|

average covariance of along (u') and vertical
(w') wind fluctuations.

In surface layer similarity theory, the friction velocity, accounts for the
effects of the large-scale pressure field and the surface roughness. Also,
u* is representative of the turbulent wind fluctuations in the lower layer
of the boundary layer. Hence, u* is useful as a velocity scale near the
surface.

For neutral stability conditions, u* can be estimated from
the wind speed profile. However, this is only possible in ideal circum-
stances. In practice, u* is estimated using empirical similarity relation-
ships that describe the wind and temperature profiles in the surface
layer.

A variety of methods are available for estimating u*. The
choice of method is dependent upon the type of meteorological data available.
In all the estimation methods, the scalar mean wind speed is used. Only
wind speed and.temperature data collected within the height range from 20z,
to 100z, are used. ‘For sites with very low roughness, these criteria aré
slightly modified. The lower bound of measurement height should never

be less than 1.0m. The upper bound should never be less than 10m. To obtain

6-19



1-hour averages, the sampling duration should be at least 3 minutes and may

be as long as 60 minutes. The relationships employed in the estimation
methods assume conditions are steady state. This is more easily achieved
if the sampling duration is less than 30 minutes.

When temperature and wind speed are available at three or
more heights, use of the procedure presented by Nieuwstadt34 is recommended.
Wind speed at one level and direct measurements of temperature differenée
in the vertical may be available. For these cases the procedures outlined
by Irwin and Binkowski should be used.35 When only the routine weather
observations are available, u* should be estimated with the procedure
outlined in the appendix to the article by Holts1ag.36 The latter two
procedures are incorporated into the meteorological processor, MPDA-1,28

Given the uncertainty of the empirical constants used in
the estimation methods, there is at least a 20% uncertainty associated wifh
the u* estimate. This means that at best u* estimates have two significant
figures accuracy. Often, especially for the cases using the routine weather

observations, the estimate has only one significant figure accuracy.

6.4.4 Pasquill Stability Categories
For existing regulatory models stability conditions are
assessed by means of the Pasquill stability categories. The origiﬁa]
category definitions, Table 6-2, are in terms of insolation amount, cloud
amodnt and 10m wind speed.37 The categories are simplified estimates of the
flux Richardson number (see Section 6.4.5.1). Category A is very unstable
conditions and category F is moderately stable conditions. Strong insolation

corresponds to sunny midday in midsummer in England, slight insolation to
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similar conditions in midwinter. Night refers to the period from one hour

before sunset to one hour after sunrise. The neutral category, D, should

be used, regardless of wind speed, for overcast conditions during day or night.

Table 6-2. Original Definitions of Pasquill Stability

Categories.
Surface ---Insolation--- ~===Night ===

wind speed Thinly overcast <3/8
(m/s) Strong Moderate Slight or >4/8 low cloud cloud

<2 A A-B B - -

2-3 A-B B C E F

3-5 B B-C C D E

5-6 c c-D D D D

>6 C D D D D

The Guideline on Air Quality Models (Revised)4 recommends
that the Pasquill stability category be determined from one of the following
schemes, in order of preference:

(1) Turner's 1964 method38 using site-specific data which
include cloud cover, ceiling height and surface (~10m) wind speed;

(2) o from site-specific measurements modified by
wind speed (op may be determined from elevation angle measurements or
may be estimated from measurements of oy according to the transform:

o = oy/UV (see Section 6.4.1));

(3) op from site-specific measurements modified by
wind speed; or

(4) Turner's 1964 method using site-specific wind speed

with cloud cover and ceiling height from a nearby NWS site.

6-21




These methods are described in more detail in the following

sectioﬁs. Alternative methods for stability category determination must
be evaluated in consultation with the Regional Office prior to their use.
6.4.4.1 Turner's 1964 method

Turner38 presented a method for determining

Pasquill stability categories from data that are routinely collected at
National Weather Servicé (NWS) stations. The method estimates the effects
of net radiation on stability from solar altitude (a function of time of
day and time of year), total cloud cover, and ceiling height. Tgble 6-3
gives the stability class (1=A, 2=B,...) as a function of wind speed and
net radiation index. Since the method was developed for use with NWS data,
the wind speed is given in knots. The net radiation index is determined
from the following procedure:

1. If the total cloud cover is 10/10 and the
ceiling is less than 7000 feet, use net
radiation index equal to 0 (whether day or
night).

2. For nighttime (from one hour before sunset
to one hour after sunrise):

(a) If total cloud cover <4/10, use net
ratiation index equal to -2,

(b) If total cloud cover >4/10, use net
radiation index equal to -1.

3., For daytime:
(a) Determine the insolation class number
as a function of solar altitude from
Table 6-4,
(b) If total cloud cover <5/10, use the net

radiation index in Table 6-3 corresponding
to the isolation class number.
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(¢) If cloud cover >5/10, modify the insolation
class number by the following six steps.

(1) Ceiling <7000 ft, subtract 2.

(2) Ceiling >7000 ft but <16000 ft,
subtract 1.

(3) total cloud cover equal 10/10,
subtract 1. (This will only apply
to ceilings >7000 ft since cases wit
10/10 coverage below 7000 ft are con-
sidered in item 1 above.) '

(4) 1If insolation class number has not been
modified by steps (1), (2), or (3)
above, assume modified class number
equal to insolation class number.

(5) If modified insolation class number
is less than 1, let it equal 1.

(6) Use the net radiation index in
Table 6-3 corresponding to the modified
insolation class number.
Solar altitude can be determined from the Smithsonian Meteorological Tables.39
For EPA regulatory modeling applications, stabi]ify classes 6 and 7 (F and G)
are combined and considered Class 6.

Table 6-3. Stability Class as a Function of Net Radiation
and Wind Speed.

Wind Speed Net Radiation Index

(knots) 4 3 2 1 0 -1 -2
0,1 (0-0.7 m/s) 1 1 2 3 4 6 7
2,3 (0.8-1.8 m/s) 1 2 2 3 4 6 7
4,5 (1.9-2.8 m/s) 1 2 3 4 4 5 6
6 (2.9-3.3 m/s) 2 2 3 4 4 5 6

7 (3.4-3.8 m/s) 2 2 3 4 4 4 5
8,9 (3.9-4.8 m/s) 2 3 3 4 4 4 5
10 (4.9-5.4 m/s) 3 3 4 4 L 4 5
11 (5.5-5.9 m/s) 3 3 4 4 4 ) 4
> 12 (>6.0 m/s) 3 4 4 4 4 4 4
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Table 6-4. Insolation as a Function of Solar Altitude.

Solar Altitude Insolation
(a) Insolation Class Number 3
60°<a strong 4
35°%<a<60° moderate 3
15°<a<35° slight 2
a<15° weak 1

6.4.4.2 Vertical turbulence (op) and wind speed method

The following discussion describes a method for esti-
mating Pasquill stability categories in terms of the standard deviation of the
vertical wind direction fluctuations, of, and the scalar mean wind speed,
US. The reader should note that the method and parameters specified in this
subsection are identical with thosé in the Guideline on Air Quality Models
(Revised).4 However, several refinements are added that provide for wider
applicability and for less ambiguous distinctions between stability classes.

The criteria in Table 6-5a and Table 6-5b are for
data collected at 10m and the roughness length is 15 cm. For use in Table
6-5b, nighttime is the period from one hour before sunset to one hour after
sunrise. Wind speed and direction data collected within thé height range
from 20z, to 100z, should be used. For sites with very low roughness; these
criteria are slightly modified. The lower bound of measurement height should
never be less than 1.0m; the upper bound should never be less than 10m. To
obtain l-hour averages, the recommended sampling duration is 15 minutes,
but it should be at least 3 minutes and may be as long as 60 minutes. The
relationships employed in the estimation methods assume conditions are steady
state. This is more easily achiéved if the sampling duration is less than 30

minutes.
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Table 6-5a.

Vertical Wind Direction Turbulence Criteria for Initial
Estimate of Pasquill Stability Category. Use with Table 6-5b,

Initi

Pasquill stability category

al estimate of

MmO O™

Standard deviation of vertical wind
direction fluctuations, o, in degrees

[ ]
MNOONO ~

L] L] L
pPo0®OWL
IALAlALALA

aaaaaa
mmmmmm

ANAAN

Table 6-5b.

Wind Speed Adjustments for Determining Final Estimate of
Pasquill Stability Category from of.

Use with Table 6-5a.

Daytime

Nighttime

Initial estimated
category

D,E or F

DOw>

m

10m scalar wind

speed (US) (m/s)

us
3< US
43 US
6< US
us

4< US
6< US

us
6< US

ANY

ANY
ANY
ANY
ANY

us
5< US

us
3< US
5< US

<3
<4
<6

<4
<6

<6

<5

<3
<5

Final estimate of
stability category

o o0 oW DO WP

om 0O OO

omm
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1f the site roughness length is other than 15 cm,

the category boundaries listed in Table 6-5a may need adjustment. As an
initial adjustment, multiply the values listed by,

(z4/15) '*%,
where z, is the site roughness in centimeters. This factor, while theoret-
jcally sound, has not had widespread testing. It is likely to be a useful
adjustment for cases when z, is greater than 15 cm. It is yet problematical
whether the adjustment is as useful for cases when 25 is less than 15 cm.

If the measuremént height is other than 10m, the
category boundaries listed in Table 6-5a will need adjustment. As an
initial adjustment, multiply the lower bound values listed by,

(2/10)Ppe,
where Z is the measurement height in meters. The exponent pe varies as a
function of stability category as,

To determine

new lower bound Value of
for category pe
A 0.02
B 0.04
C 0.01
D -0.14
E -0.31

The above suggestions summarize the results of sev-
eral studies conducted in fairly ideal circumstances. It is anticipated that
readers of this document are often faced with conducting analyses in less than
ideal circumstances. Therefore, before trusting the Pasquill category esti-
mates, the results should be spot checked. This can easily be accomplished.
Choose cloudless days. In midafternoon during a sunny day, categories A and

B should occur. During the few hours just before sunrise, categories E and
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F should occur. The bias, if any, in the turbulence criteria will quickly

be revealed through such comparisons. Minor adjustments to the category
boundaries may tailor the turbulence criteria to the particular site charac-

teristics, but should be made only in consultation with the reviewing agency.

6.4.4.3 Lateral turbulence (op) and wind speed method
The following discussion describes a method for -
estimating Pasquill stability categories in terms of the standard deviation
of the horizontal wind direction fluctuations, op, and the scalar mean
wind speed, US. The reader should note that the method and parameters
specified in this subsection are identical with those in the Guideline on
Air Quality Models (Revised).4 However, several refinements are added that
provide for wider applicability and for less ambiguous distinctions between
stability classes.
| | The criteria in Table 6-6a and Table 6-6b are for
data collected at 10m and the roughness length is 15 cm. For use in Table
6-6b, nighttime is the period from one hour before sunset to one hour after
sunrise. Wind speed and direction data collected within the height range
from 20z, to 100z, should be used. For sites with very low roughness, these
criteria are slightly modified. fhe lower bound of measurement height should
never be less than 1.0m. The upper bound should never be less than 10m. To
obtain l-hour averages, the recommended sampling duration is 15 minutes, but
it should be at least 3 minutes and may be as long as 60 minutes. The re-
lationships employed in the estimation methods assume conditions are steady

state. This is more easily achieved if the sampling duration is less than

30 minutes.
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Table 6-6a.

Lateral Wind Directio
Estimate of Pasquill Stability Category.

n Turbulence Criteria for Initial ’
Use with Table 6-6b.

Initial estimate of
Pasquill stability category

A 22.5 < op

B 17.5 < op < 22.5
C 12.5 < op < 17.5
D 7.5 <op < 12.5
E 3.8 <op < 7.5
F op < 3.8

Standard deviation of horizontal wind
direction fluctuations, op, in degrees

Table 6-6b.

Wind Speed Adjustments for Determining
Pasquill Stability Category from op.

Final Estimate of
Use with Table 6-6ba.

Daytime

Nighttime

initial estimated
category

D,E or F

us
3«
4 <
6 <

[ 0 3

<
<
<

o)

3
4
6

wnN
oo

wn
o P

10m scalar wind
speed (US) (m/s)

2.4

5.0

A

Final estimate of
stability category
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If the site roughness length is other than 15 cm, .

the category boundaries 1isted in Table 6-6a may need adjustment. As an

initia] adjustment, multiply the values listed by,
0.2
(z5/15)

where zy is the site roughness in centimeters. This factor, while theoret-
jcally sound, has not had Widespread testing. It is likeiy to be a useful
adjustment for cases when z, is greater than 15 cm. It is yet problematical
whether the adjustment is as useful for cases when z, is less than 15 cm.

' 1f the measurement height is other than 10m, the
category boundaries listed in Table 6-6a will need adjustment. As an

initial adjustment, multiply the lower bound values listed by,
(z/10)Pa,

where Z is the measurement height in meters. The exponent pa varies as a
function of stability category as,

To determine
new lower bound Value of
for category pa

-0.06
-0.15
-0.17
-0.23
-0.38

mooOw

The above suggestions summarize the results of
several studies conducted in fairly ideal circumstances. It is anticipated
that readers of this document are often faced with conducting analyses in

less than ideal circumstances. Therefore, before trusting the Pasquill
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category estimates, the results should be spot checked. This can easily

be accomplished. Choose cloudless days. In midafternoon during a sunny day,
categories A and B should occur. During the few hours just before sunrise,
categories £ and F should occur. The bias, if any, in the turbulence criteria
will quickly be revealed through such comparisons. Minor adjustments to the
category boundaries may tailor the turbulence criteria to the particular site

characteristics, but should be made only in consultation with the reviewing

agency.

6.4.4.4 Accuracy of stability category estimates
Results are not available comparing the performance
of the methods outlined above in this section. There are comparison results
for similar methods. From'thése'studies, it is concluded that the methods
will estimate the same stability category about 50% of the time. They will
estimate within one category of each other about 90% of the time. Adjustment
of the turbulence criteria resulting from spot checks is necessary to achieve

this performance.
6.4.5 Other Stability Measures

6.4.5.1 Flux Richardson number
Buoyancy forces may act to enhance or suppress
turbulent wind fluctuation motions. A very useful measure in this regard
is the flux Richardson number, R¢,
Production of turbulent thermal kinetic energy

Rf = = .

Production of turbulent mechanical kinetic energy

6-30



The denominator is always positive near the surface. R¢ is negative when

buoyant forces tend to enhance turbulent motions in the vertical. It is
positive when buoyant forces tend to suppress turbulent motions in the
vertical. Stable conditions exist when R¢ is positive. When Rf is near zero,
stability conditions are neutral. During such times, the wind speed profile
often varies linearly with the logarithm of height. When R¢ is negative,

stability conditions are unstable.

6.4.5.2 Monin-Obukhov length
A more easily estimated stability measure, related
to Rf, is the Monin-Obukhov length, L,
R¢ = Z/L.
| A variety of methods are available for estimating
L. The choice of method is dependent upon the type of meteorological data
available. In all the estimation methods, use the scalar mean wind speed.
Only wind speed and temperature data collected within the height range from
20z, to 100z, are used. For sites with very low roughness, these criteria
are slightly modified. The lower bound of measurement height should never
be less than 1.0m. The upper bound should never be less than 1Um. To
obtain l-hour averages, the sampling duration should be at least 3 minutes
and may be as long as 60 minutes. The relationships employed in the estima-
tion methods assume conditions are steady state. This is more easily achieved
if the sampling duration is less than 30 minutes. |
When temperature and wind speed are avai]ab]e‘at
three or more heights, use of the procedure presented by Nieuwstadt34 is

recommended. Wind speed at one level and direct measurements of temperature
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difference in the vertical may be available. For these cases the procedures

outlined by Irwin and Binkowski should be used35, when only the routine
weather observations are available, L should be estimated with the procedure
outlined in the appendix to the article by Ho]tsTag35. The latter two pro-
cedures are incorporated into the meteorological processor,,MPDA-l.28

The uncertainty of the empirical constants used
in the estimation methods means that at best L estimates have two significant
figures accuracy. Often, especially for the cases using the routine weather

observations, the estimate has only one significant figure accuracy.

6.5 Model Inputs

The majority of point source models recommended in EPA's Guideline
on Air Quality Models (Revised)4 require that hourly meteorological data
be input in a format that has been standardized by EPA's meteorological
- preprocessor prograni.12 EPA desires to maintain this consistency and extend
it to on-site meteorological data sets. EPA is developing a meteorological
processor for regulatory applications (MPRA) that will provide this consistency

when available.

6.5.1 Formats
As noted above, the input data format for EPA short-term
regulatory models has been standardized by the meteorological preprocessor,
RAMMET, as described in Reference 12. A consistent format for model input
should be used when processing on-site meteorological data. Since on-site
wind direction data are reported to the nearest degree, the actual observed
~winds should be repeated in the field reserved for the randomized flow

vector generated for National Weather Service (NWS) data. The input format
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for the EPA long-term models should be of the stability wind rose (STAR)

variety generated for NWS stations by the National Climatic Data Center.

Individual model user's guides should be referred to for additional details

on input data formats.

6.5.2 Treatment of Calms

EPA's policy is to disregard calms until such time as an
appropriate analytical approach is available. The recommended EPA models
contain a routine that eliminates the effect of the calms by nullifying
concentrations during calm hours and recalculating short-term and annual
average concentrations. Certain models lacking this built-in feature can
have their output processed by EPA's CALMPRO program40 to achieve the same
effect. Because the adjustments to the concentrations for calms are made
by either the models or by postprocessor, actual measured on-site wind
speeds should always be input to the preprocessor. These actual wind speeds
should then be adjusted as appropriate under the current EPA guidance4 by
the preprocessor.

Measured on-site wind speeds of less than 1.0 m/s, but above
the instrument threshold, should be set equal to 1.0 m/s by the preprocessor'
when used as input to Gaussian models. Wind speeds below the starting thres-
hold of the anemometer or vane, whichever is greater, should be considered
calm. Calms are identified in the preprocessed data file by a wind speed

of 1.0 m/s and a wind direction equal to the previous hour.

6.5.3 Treatment of Missing Data
Missing data refers to those hours for which no data are

available from the primary on-site source for the variable in question.
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In order for the regulatory models to function properly, there must be a data

value in each input field. When missing values arise, they should be
handled in one of the ways listed below, in the following order of preference.

(1) If there are other on-site data, such as measurements
at another height, they may be used when the primary data are missing. If
the height differences are significant, corrections based on established
vertical profiles should be made. Site-specific vertical profiles based on
historical on-site data may also be appropriate to use if their determination
is approved by the reviewing authority (see Section 6.1.3). If there is
question as to the representativeness of the other on-site data, they should
not be used.

(2) If there are only one or two missing hours, then
linear interpolation of missing data may be acceptable, however, caution
should be used when the missing hour(s) occur(s) during day/night transition
periods.

(3) If representative off-site data exist, they may be
used. In many cases this approach may be acceptable for cloud cover,
ceiling height, mixing height and temperature. This approach will rarely be
acceptable for wind speed and direction. The representativeness of off-site
data should be discussed and agreed upon in advance with the reviewing
authority (see Section 6;6).

(4) Failing any of the above, the data field should be
coded as a field of nines. This value will act as a missing data flag in
any further use of the data set.

At the present time, the short term regulatory models con-

tain no mechanism for handling missing data in the sequential input file.
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Therefore, in order to run these models a complete data set, including

substitutions, is required. Substitutions for missing data should only be
made in order to complete the data set for modeling applications, and should

not be used to attain the 90% data retrieval recommended in Section 5.0.

6.6 Use of Off-Site Data

6.6.1 Representativeness of Meteorological Data

| Evaluations of the atmospheric dispersion characteristics
of the site of a pollutant source, make it necessary to determine if available
meteorological data can be used to adequately characterize the atmospheric
dispersion conditions.

Such determinations are required when the available meteoro-
logical data are acquired at a location other than that of the proposed
sbufce. In some instances, even though meteorological data are acquired at
the location of the pollutant source, they still may not correctly characterize
the important atmospheric dispersion conditions.

Considerations of representativeness are always made with the
meteorological data sets used in atmospheric dispersion modeling whether the
data base is “"on-site" or “off-site.* These considerations call for the
judgment of a meteorologist or an equivalent professional with expertise
in atmospheric dispersion modeling.

Representativeness has been defined in the Workshop on the
Representativeness of Meteorological Observations?l as “the extent to which a
set of measurements taken in a space-time domain reflects the actual conditions
in the same or different space-time domain taken on a scale appropriate for

a specific application." Any judgments of the representativeness of
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meteorological data should necessarily factor in considerations of spatial’

and temporal dependence.

6.6.1.1 Spatial dependence
The location where the data base was acquired
should be compared to the source location for similarity of terrain features.

For example, in complex terrain, the following considerations should be

addressed:

1. Aspect ratio of terrain, i.e., ratio of:
a. Height of valley walls to width of valley;
b. Heighf of ridge to length of ridge; and

c. Height of isolated hill to width of hill
at base.

2. Slope of terrain

3. Ratio of terrain height to stack/plume
height.

4. Distance of source from terrain, i.e. how close
to valley wall, ridge, isolated hill.

5. Correlation of terrain feature to prevailing
meteorological conditions.
Likewise, if the source is to be located on a plateau or plain, the source
of meteorological data should be from a similar plateau or plain.

Judgments of representativeness should be made
only when sites are climatologically similar. Sites in nearby but different
air sheds often exhibit different weather patterns. For instance, meteoro-
logical data acquired along a shoreline are not normally representative of

inland sites and vice versa.
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Meteorological data collected need to be examined
to determine if drainage, transition, and synoptic flow patterns are charac-
teristics of the source, especially those critical to the regulatory applica-
tion. Consideration of orientation, temperature, and ground cover should

be included in the review.

An important aspect of space dependence is
elevation above the ground. Where practicél, meteorological data should be
acquired at the release elevation, as well as above or below, depending on

the buoyancy of the source's emissions.

6.6.1.2 Temporal dependence

To be representative, a meteorologicé] data base
must be of sufficient duration to define the range of sequential atmospheric
conditions anticipated at a site. As a minimum, one year of on-site meteoro-
logical data covering the four seasons is necessary to prescribe this time
series. Multiple years of data are used to describe variations in annual,
and short term impacts. In general, the climatic period of five years is
adequate to represent these yearly variations. The length of the required
data period relates to the standard being addressed. In general, the
longer the time perfod of the ambient air quality standard, the longer the
period of meteorological data required to demonstrate compliance with that

standard.

6.6.1.3 Further considerations
It must also be recognized that consideration of
alternative data sets extends beyond space and time representation. The

data from the onset must be compatible with the impact analysis requirements
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as set forth in the source's modeling protocol. If a meteorological data i

set were acquired in an incompatible form, it may be considered inadequate
and, therefore, "not representative.” Also, consideration must be given to
the response characteristics of the instruments and their ability to correctly
describe the atmospheric dispersion processes. 1f these response character-
jstics restrict the instrument from sensing the most critical atmospheric
processes (those resulting in the highest impacts), they may not be represen-
tative from an atmospheric dispersion standpoint.

It may be necessary to recognize the non-homogeneity
of meteorological variables in the air mass in which pollutants disperse.
This non-homogeneity may be essential in correctly describing the dispersion
phenomena. Therefore, measuréments of meteorological variables at multiple
Tlocations and elevations may be required to correctly represent these
meteorological fields. Such measurements are generally required in complex
terrain or near large land-water body interfaces.

It is important to recognize that, although
certain meteorological variables may be considered unrepresentative of
another site (for instance, wind direction or wind speed), other variables
may be representative (such as teﬁperature, dew point, cloud cover).
Exclusion of one variable does not necessarily exclude all.

Other factors affecting representativeness include
change in surface roughness, topography and atmospheric stability.

Currently there are no established analytical or
statistical techniques to determine representativeness of meteorological
data. As implied above, any criteria would be variable-specific and involve

a judgment based on case-by-case considerations. Even if such criteria
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could be established, they would require the acquisition of some on-site

data. The establishment and maintenance of such an on-site data collection

program generally fulfills the requirement for “representative" data.

6.6.2 Alternative Meteorological Data Sodrces

It is necessary in the consideration of most air pollution
problems to obtain information on site-specific atmospheric dispersion.
Frequently, an on-site measurement program must be initiated. As discussed
in Section 6.5.3, representative off-site data may be used to substitute
for missing periods of on-site data. There are also situations where
current or past meteorological records from a National Weather Service
station may suffice. The following outline provides a brief insight into

the types of observations taken at Weather Stations and some of the summaries

compiled from this data.

6.6.2;1 National Weather Service (NWS)
(a) First Order Stations
There are about 200 National Weather Service
(NWS) stations where 24 hourly observations are taken daily. Among the
measurements taken are: dry bulb temperature and wet bulb temperature
(from which dew point temperature and relative humidity are calculated),
pressure, wind direction and speed, cloud cover and visibility. The
National Climatic Data Center (NCDC) in Asheville, North Carolina, main-
tains records of these observations.
(b) Second Order Stations
These stations usually take hourly observations

similar to the first order stations above, but not throughout the entire day.
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6.6.2.2 Military observations

Many military jnstallations, especially Air Force
Bases, take hourly observations. These are transmitted on military teletype
circuits and therefore are not usually available for general use. No routine

publication of these data is done. Records of observations are sent to NCDC

where special summaries can be made.

6.6.2.3 Supplementary Airways Reporting Stations
These stations are at smaller airports. The
observations are not at regular intervals, usually being taken according to
airline schedules at the airport. These observations are not published and

are not usually digitized. Original records are sent to NCDC, however.

6.6.2.4 Upper air
There are between 60 and 70 statidns in the contig-

uous United States where upper air observations are taken twice daily (at
0000 GMT and 1200 GMT) by radiosonde balloon and radio direction-finding
equipment. The measurements made are temperature, pressure, and relative
humidity with height and wind speed and direction. These data are obtained
primarily for knowledge of the large scale meteorological pattern and have
relatively little refinement in the lower 500 to 1000 meters of the atmos-
phere. These observations are transmitted by teletype and original records
sent to NCDC where these data are published. These data form the basis for

most determinations of mixing height input to regulatory air quality models.

6.6.2.5 Evaluation of NWS and military data sources

If these NWS and military meteorological data

6-40



sources are to be used in making atmospheric dispersion estimates of a

source, a judgment as to the representativeness of these data sources
should be made using the considerations provided in Section 6.6.1 above.
In addition, it must be recognized that these
data sources have the following limitations:
(a) Human error
The observational data are a result of human
interpretation and as such are then subject to individual bias and variation
in reported data. Such observational bias is sometimes apparent upon review
of the data. For instance, some observers will report wind directions to
the nearest 20 degrees, resulting in a higher frequency of occurrence of
even numbered wind directions. This is apparent from a casual observation
of the wind rose constructed on such a biased data set. It is important that
all relevant NWS meteorological observational data be reviewed for human
bias.
(b) Accuracy of the wind direction observation
Wind directions are only reported to the nearest
10 degrees, with no attempt to electronically average the data. Dispersion
modeling estimates for short term impacts have traditionally relied upon
.directions specified to the nearest degree. In order to achieve that level
of specificity and consistency, EPA has generated a random number string to
be applied to the data set.
(c) Time period of observation
While on-site meteorological data are generally
of a continuous nature, NWS and military observations are constrained to a

short time period preceding the hour. Gradual shifts in the data over that
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time period are generally unreported. Other significant shifts in gobserva-

2
tions, although observed and reported are not handled by the meteorological
data preproceséor. These shortcomings are known to be inherent in such
data yet, historically, these observations have provi&ed acceptable data

for regulatory applications.

6.6.2.6 Meteorological data from private networks
As with NWS and military data sources, meteoro-
logical data acquired from private monitoring networks may be used in making
atmospheric dispersion estimates of a source if judged to be representative

by the criteria provided in Section 6.6.1 above.

Data from such sources maj not be accompanied
by the problems associated with NHS and military data as noted above. How-
eVer, such meteorological data sets are not generally subject to the same
level of public dissemination and review. Therefore, any use of such data
sets should be accompanied by a review of the quality assurance plans for
these data acquisition systems. Sucﬁ meteorological data should be collected
in accordance with the guidance on quality assurance and maintenance contained

- in Section 8.0 of this document.

6.7 Recommendations

It is recommended that for hourly mean wind statistics in straight-
line Gaussian dispersion models, scalar wind speed and scalar wind direction
processing be used. For microprocessor-based digital systems, the unit
vector mean wind direction is also acceptable. The standard deviation of
the wind direction fluctuations should be calculated about the scalar or
unit vector mean direction, or may be estimated using the techniques of
Mardia2% or Yamartino2®. These hourly values may be obtained by averaging
samples over an entire hour or by averaging a group of shorter period aver-
ages. If shorter period averages are used, it is recommended that wind
statistics be computed over intervals of 15 minutes, and that at least two
valid 15-minute periods be averaged to represent the hour. A minimum of

6-42



360 data samples should be used to calculate the standard deviation and at
least 60 samples should be used to calculate the mear, regardiess of the
averaging period. Thus, to calculate the standard deviation for a 15-minute
sampling duration, the data should be sampled at least once every 2.5
seconds, and if the data are only averaged every hour, then the data should
be sampled at least once every ten seconds. If the single-pass processor
described by Equations 6.1.4 and 6.1.5 in Section 6.1.2 is used for wind
direction, it is recommended that the data be sampled at least once per
second, to assure that the difference between consecutive values is less
than 180°.

The hourly vertical temperature gradient may be determined by
averaging samples over the entire hour or by averaging a group of shorter
period averages. If shorter period averages are used, it is recommended
that four 15-minute averages be used with at least 60 samples for each
15-minute period. For other primary variables, including temperature, dew
point, pressure and radiation, four 15-minute averages of digital data are
recommended, but one-hour point or one-hour average analog values may be
acceptable. Precipitation data should be processed to obtain a total for
every hour.

It is recommended that effective roughness length be determined
from equation 6.4.2

The atmospheric stability category should be determined from one
of the following schemes, following the order of preference given in the
Guideline on Air Quality Models (Revised):4

(1) Turner's 1964 method38 using site-specific data which
include cloud cover, ceiling height and surface (~10m) wind speeds;

(2) of from site-specific measurements modified by
wind speed (op may be determined from elevation angle measurements or
may be estimated from measurements of oy according to the transform:
o = oy/US (see Section 6.4.1));

(3) op from site-specific measurements modified by
wind speed; or

(4) Turner's 1964 method using site-specific wind speed
with cloud cover and ceiling height from a nearby NWS site.

Alternative methods for determining stability category must be evaluated
in consultation with the Regional Office prior to their use.

On-site meteorological data should be processed to provide input
data in a format consistent with the particular models being used. The
input format for EPA short-term regulatory models is defined in Reference
12. The format for EPA long-term models is the STAR format utilized by the
National Climatic Data Center. The actual wind speeds should be coded on
the original input data set. Wind speeds less than 1.0 m/s but above the
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jnstrument threshold should be set equal to 1.0 m/s by the preprocessor when
used as input to Gaussian models. Wind speeds below the instrument threshold
of the cup or vane, whichever is greater, should be considered calm, and are
jdentified in the preprocessed data file by a wind speed of 1.0 m/s and a
wind direction equal to the previous hour.

If data are missing from the primary source, they should be handied
as follows, in order of preference: (1) substitution of other representative
on-site data; (2) linear interpolation of one or two missing hours; (3)
substitution of representative off-site data; or (4) coding as a field of
nines, according to the discussions in Section 6.5.3 and 6.6. However, in
order to run existing short-term regulatory models, a complete data set,
including substitutions, is required.

If the data processing recommendations in this section cannot be
achieved, then alternative approaches should be developed in conjunction with
the Regional Office.
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7.0 DATA REPORTING AND ARCHIVING

Because of the different data requirements for different types of

analyses, there is no fixed format that applies to all data sets. However,

a generalization can be made. All on-site meteorological data should be col-
lated in chronological order and tabulated according to the observation time.
Observation time should be defined as the time at the beginning of the averag-
ing period, e.g., 0100 refers to the period from 0100 to 0200. Note that NWS
data is based on a somewhat different recording scheme and cannot be interpreted
in the same manner. If an EPA regulatory decision is involved, the on-site

data must be furnished to the reviewing agency upon request.

7.1 Reporting Formats

When data are requested by the reviewing agency, two types of
reports will generally be required. The first will be a written summary
report which should inciude a discussion of the overall monitoring program
followed by details on data sources, data quality, completeness, data
handling procedures and computational methods. The second report will
include the actual data. Different forms of actual data reporting are

discussed briefly below.

7.1.1 Preprocessed Data

In most cases, the reviewing agency will request a copy of

the preprocessor output in tape and hardcopy form.

7.1.2 SAROAD/AIRS
In some cases, the reviewing agency will require that

validated measured data be reported to EPA's ambient monitoring data base
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system (SAROAD/AIRS) on a quarterly basis. 1In these instances, all variables

that have a SAROAD/AIRS parameter code should be submitted in SAROAD/AIRS
format on a quarterly basis. In some cases, both preprocessor output and

SAROAD/AIRS format data may be required.

7.2 Archiving
while there are currently no EPA regulatory requirements for

meteorological data archiving, it is considered prudent practice for

collectors of such data to establish an archiving program, When the data

are being collected for use in a regulatory setting, they must be made avail-
able to the reviewing agency upon request. Thus, until a particular regulatory
action is complete, all data must be available. Since a particular data set
may have applicability in more than one regulatory action, or since litigation
may follow a regulatory action, the need for the raw data set may extend well
beyond its original application. EPA suggests the following considerations

in designing an archiving program.

7.2.1 Raw Data
The raw data records are the most basic data elements and

should be given the highest priority in archiving. The raw data may include
variables that, although not currently used by recommended models, might
be used in future models. Therefore, comprehensive archiving is recommended.
Hourly averaged data should be stored in machine-readable form, e.g., magnetic
tape, for convenience and easy access. However, magnetic tapes need to be
copied periodically to insure integrity, and care should be taken to select

a format for encoding the data that will be as compatible as oossible with
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other computer systems. Where data were originally reduced from strip chart.

records, the charts should also be archived.

7.2.2 Preprocessed Data
Since, in theory, all preprocessed data can be recreated
from the raw data, the preprocessor data should be given a lower priority.
However, the ready-to-use nature of the preprocessor output and the cost of
preprocessing raw data argue strongly for archiving the preprocessed data

as well,

7.2.3 Retention Time

Ex perience shows that good data sets have long, useful
lives and thus should be archived as long as possible. When evaluating
whether an old data set remains useful, primary consideration should be
inen to a comparison of the actual collection program with the most cur-
rent guidance. As long as the instrumentation, siting, quality assurance
and completeness criteria are still satisfied, it is recommended that the
data be retained indefinitely in machine-readable form. Original strip chart
records should be retained for a minimum of five years. If an archive is to
be eliminéted, an attempt should be made beforehand to contact other modelers

who may wish to receive the data.

7.3 Recommendations

In general, the data reporting and archiving requirements will be
worked out in consultation with the reviewing agency. An agency may request
meteorological data in either a preprocessed form, or in the SAROAD/AIRS
data base format, or both. All meteorological data must be available to
the reviewing agency until a regulatory action is completed. However, the
need for a data set may extend beyond its original application due to liti-
gation, or due to its applicability to another regulatory action. Therefore,
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it is recommended that data be retained indefinitely, provided that the

guidance criteria for on-site meteorological monitoring are still satisfied.
It is recommended that the observation time reported refer to the time at

the beginning of the averaging period.
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8.0 QUALITY ASSURANCE AND MAINTENANCE

The purpose of quality assurance and maintenance is the generation of
a representative amount (90% of hourly values for a year, Section 5.3.2) of
valid data (Sections 5.1 and 8.6). Maintenance may be considered the
physical activity necessary to keep the measurement system operating as it
should. Quality assurance is the management effort to achieve the goal of
valid data through plans of action and documentation of compliance with the
plans.

Quality assurance (QA) will be most effective when following a QA Plan
which has been signed-off by appropriate project or organizational authority.
The QA Plan should contain the following information (paraphrased and
particularized to meteorology from Lockhart42):

1. Project description - how meteorology is to be used

2. Project organization - how data validity is supported

3. QA objective - how QA will document validfty claims

4. Calibration method and frequency - for meteorology

5. Data flow - from samples to archived valid values

6. Validation and reporting methods - for meteorology

7. Audits - performance and system

8. Preventive maintenance

9. Procedures to implement QA objectives - details

10. Management support - corrective action and reports

It is important for the person providing the quality assurance (QA)
function to be independent of the organization responsible for the collection
of the data and the maintenance of the measurement systems. Ideally, the QA

auditor works for a separate company. There should not be any lines of




intimidation available to the operators which might be used to influence

the QA audit report and actions.

With identical goals of valid data, the QA person should encourage the
operator to use the same methods the QA person uses (presumably these are
the most comprehensive methods) when challenging the measurement system
during a performance audit. When this is done, the QA task reduces to spot
checks of performance and examination of records thus providing the best
data with the best documentation at the 1ea§t cost.

The subsections will be specific to the variable to be measured. Wind
speed will refer to those common mechanical anemometers (cups and vane-
oriented propellers) which use the pressure force of the air passing the
aerodynamic shape of the anemoﬁeter to turn a shaft. Except for Doppler
SODARS (see Section 9.0), the more complicated indirect or remote measuring
systems, such as sonic anemometers, hot wire or hot film anemometers, laser
anemometers and the like, are not commonly used for routine monitoring and
are beyond the scope of this guide.

Wind direction will refer to common wind vanes which provide a
relative direction with respect to the orientation of the direction sensor.
There are three parts of the direction measurement which must be considered
in quality assurance. These are (1) the relative accuracy of the vane per-
formance in converting position to output, (2) the orientation accuracy in
aligning the sensor to TRUE NORTH and vertical, with respect to a level
plane, and (3) the dynamics of the vane and conditioning circuit response

to turbulence for calculation of sigma theta.
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Temperature and temperature difference require QA focused on the appli-
cation of the data. Dew point temperature, precipitation, atmospheric

pressure and radiation are also addressed.

8.1 Instrument Procurement

The specifications required for the applications for which the data
will be used (see Sections 5.0 and 6.0) along with the test method to be used
to determine conformance with the specification should be a part of the pro-
curement document. A good QA Plan will require a QA sign-off of the procure-
ment document for an instrument system containing critical requirements. An
instrument should not be selected solely on the basis of price and a vague

description, without detailed documentation of sensor performance.

8.1.1 Wind Speed

The performance specification for an anemometer might read:

Range 0.5 m/s to 50 m/s
Threshold (1) < 0.5 m/s

Accuracy (error)(1)(2) < (0.2 m/s +5% of observed)
Distance Constant (1) <5mat 1.2 kg/m3 (standard

sea-level density)
(1) as determined by wind tunnel tests conducted on pro-
duction samples in accordance with ASTM D-22,11 test
methods. 21
(2) aerodynamic shape (cup or propeller) with permanent
serial number to be accompanied by test report, trace-
able to NBS, showing rate of rotation vs. wind speed at
10 speeds.
The procurement document should ask for (1) the starting

torque of the anemometer shaft (with cup or propeller removed) which repre-
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sents a new bearing condition, and (2) the start‘ng torque which represents

the threshold speed, above which the anemometer will be out of specification.
The latter value is a flag requiring the action of bearing or sensor re-
placement. |

The ASTM test cited above includes a measurement of off-axis
response. Some anemometer designs exhibit errors greater than the accuracy.
specification with off-axis angles of as little as 10 degrees. However,
there is no performance specification for this type of error at this time,

due to a lack of sufficient data to define what the specification should be,

8.1.2 Wind Direction

The performance specification for the wind vane might read:

Range 001 to 360 degrees or

001 to 540 degrees
Threshold (1) 0.5 m/s
Accuracy (error)(1) <3 degrees relative to the

sensor mount or index
(<5 degrees absolute
error for installed

system)
Delay Distance (1) <5 m at 1.2 kg/m3 (standard
: sea-level density)
Damping Ratio (1) 0.4 at 1.2 kg/m3 or
Overshoot (1) <25% at 1.2 kg/m3

(1) as determined by wind tunnel tests conducted on pro-
duction samples in accordance with ASTM D-22,11 test methods.

The procurement document should ask for (1) the starting
torque of the vane shaft (with the vane removed) which represents a new

bearing (and potentiometer) condition, and (2) the starting torque which
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represents the threshold speed, above which the vane will be out of specifi-
cation. The latter value is a flag requiring the action of bearing or
sensor replacement.

The range of 001 to 540 degrees was originally conceived
to minimize strip chart "painting" when the direction varied around 360
degrees. It also minimizes errors (but does not eliminate them) when
automatic sigma meters arevused. ft may also provide a means of avoiding
some of the "dead band" errors from a single potentiometer. In these days
of “"smart" data loggers, it is possible to use a single potentiometer
(001 to 360 degree) system without excessive errors for either average
direction or sigma theta.

If the wind direction samples are to be used for the cal-
culation of sigma theta, the specification should also include a time
constant requirement for the signal conditioner. Direction samples should
be effectively instantaneous. At 5 m/s, a lm delay distance represents
0.2 seconds. A signal conditioner specification of a time constant of <0.2
seconds would insure that the sigma theta value was not attenuated by an

averaging circuit provided for another purpose.

8.1.3 Temperature and Temperature Difference
When both temperature and differential temperature are
required, it is important to specify both accuracy and relative accuracy
(not to be confused with precision or resolution). Accuracy is performance
compared to truth, usually provided by some standard instrument in a con-
trolled environment. Relative accuracy is the performance of two or more

sensors, with respect to one of the sensors or the average of all sensors,



in various controlled environments. A temperature sensor specification

might read:
Range -40 to +60 degrees C.

Accuracy (error) < 0.5 degree C.
A temperature difference specification might read:

Range -5 to +15 degrees C.

Relative accuracy (error) < 0.1 degrees C.

While calibrations and audits of both accuracy and relative
accuraéy are usually conducted in controlled environments, the measurement
js made in the atmosphere. The greatest source of error is usually solar
radiation. Solar radiation shield specification is therefore an important
part of the system specification. Motor aspirated radiation shields (and
possibly high performance naturally ventilated shields) will satisfy the
less critical temperature measurement. For temperature difference, it is
critical that the same design motor aspirated shield be used for both
sensors. The expectation is that the errors from radiation (likely to
exceed 0.2 degrees C) will zero out in the differential measurement. A

motor aspirated radiation shield specification might read:

Radiation range -100 to 1300 W/m2
- Flow rate 3 m/s or greafer
Radiation error <0.2 degree C.

8.1.4 Dew Point Temperature
Sensors for measuring dew point temperature can be

particularly susceptible to precipitation, wind, and radiation effects.



A

Therefore, care should be taken in obtaining proper (manufacturer-recommended)
shielding and aspiration equipment for the sensors. If both temperature
and dew point are to be measured, aspirators can be purchased which will
house both sensors. If measurements will be taken in polluted atmospheres,
gold wire electrodes will minimize corrosion problems. For cooled mirror
sensors consideration should be given to the susceptibility of the mirror

surface to contamination.

8.1.5 Precipitation

For areas where precipitation falls in a frozen form,
consideration should be given to ordering an electrically heated rain and
snow gage. AC power must be available to the precipitation measurement
site. For remote sites where AC power is not available, propane-heated
gages can be ordered. However, if air quality measurements are being made
at the same location, consideration should be given to the air pollutant
emissions in the propane burner exhaust.

Air movement across the top of a gage can affect the amount
of catch. For example, Weiss43 reports that at a wind speed of 5 mph, the
collection efficiency of an unshielded gage decreased by 25%, and at 10 mph,
the efficiency of the gage decreased by 40%. Therefore, it is recommended
that all precipitation gages be installed with an Alter-type wind screen,
except in locations where frozen precipitation does not occur.

Exposure is very important for precipitation gages; the
distance to nearby siructures should be at least two to four times the

height of the structures (see Section 3.1.3). Adequate lengths of cabling



must be ordered to span the separation distance of the gage from the data

acquisition system.

If a weighing gage will be employed, a set of calibration

weights should be obtained.

8.1.6 Pressure
The barometric pressure sensor should normally have a
proportional and linear electrical output signal for data recording.
Alternately, a microbarograph can be used with a mechanical recording
system. Some barometers operate only within certain pressure ranges; for
these, care should be taken that the pressure range is appropriate for the

elevation of the site where measurements will be taken.

8.1.7 Radiation
| Radiation instruments should be selected from commer-
cially available and field-proven systems. These sensors generally have a
low output signal, so that they should be carefully matched with the signal
conditioner and data acquisition system. Another consideration in the
selection of data recording equipment is the fact that net radiometers have

both positive and negative voltage output signals.

8.2 Acceptance Testing

It is common for acceptance tests to be just checking the shipment
part numbers against the packing slip. Lacking more detailed instructions,
jt is all a receiving department can do. Such a test does not provide any

technical information.
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8.2.1 Wind Speed

A technical acceptance test may serve two purposes. First,
it can verify that the instrument performs as the manufacturer claims,
assuming the threshold, distance constant and transfer function (rate of
rotation vs. wind speed) are correct. This test catches shipping damage,
incorrect circuit adjustments, poor workmanship, or poor QA by the manufac-
turer. This level of testing should be equivalent to a field performance
audit. The measurement system is challenged with various rates of rotation
on the anemometer shaft to test the performance from the transducer in the
sensor to the output. The starting torque of the bearing assembly is
measured and compared to the range of values provided by the manufacturer

(new and replacement).

The other purpose of a technical acceptance test is to deter-
mine if the manufacturer really has an instrument which will meet the specifi-
cation. This action requires a wind tunnel test. The results would be used
to reject the instrument if the tests showed failure to comply. An independent
test laboratory is recommended for conducting the ASTM method test.

The specification most likely to fail for a low cost
anemometer is threshold, if bushings aEe used rather than quality bearings.

A bushing design may degrade in time faster than a well designed bearing
assembly and the consequence of a failed bushing may be the replacement of
the whole anemometer rather than replacement of a bearing for a higher
quality sensor. A receiving inspection cannot protect against this problem.
A mean-time-between-failure specification tied to a starting threshold
torque test is the only reasonable way to assure quality instruments if

quality brand names and model numbers cannot be required.
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8.2.2 MWind Direction

A technical acceptance test can verify the relative
direction accuracy of the wind vane by employing either simple fixtures or
targets within a room established by sighting along a 30-60-90 triangle.
There is no acceptance test for sighting or orientation, unless the manu-
facturer supplies an orientation fixture and claims that the sensor is set
at the factory to a particular angle (180 degrees for examplé) with respect
to the fixture. This could be verified.

If sigma theta is to be calculated from direction output
samples, the time constant of the output to an instantaneous change should
be estimated. If the direction output does not change as fast as a test
meter on the output can react, the time constant is too long.

If sigma theta is calculated by the system, a receiving
test should be devised to check its performance. The manual for the system

should describe tests suitable for this challenge.

8.2.3 Temperature and Temperature Difference

The simplest acceptance test for temperature and temperature
difference would be a two point test, room temperature and a stirred ice
slurry. A reasonably good mercury-in-glass thermometer with some calibration
pedigree can be used to verify agreement to within 1 degree C. It is impor-
tant to stir the liquid to avoid local gradients. It should not be assumed
that a temperature difference pair will read zero when being aspirated in a
room. If care is taken that the air drawn into each of the shields comes

from the same well mixed source, a zero reading might be expected.
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A second benefit of removing the transducers from the
shields for an acceptance test comes to the field calibrator and auditor.
Some designs are hard to remove and have short leads. These conditions can
be either corrected or noted when the attempt is first made in the less

hostile environment of a receiving space.

8.2.4 Dew Point Temperature

A dew point temperature acceptance test at one point inside
a building, where the rest of the system is being tested, will provide assur-
ance that connections are correct and that the operating circuits are func-
tioning. The dew point temperature for this test should be measured with a
wet-dry psychrometer (Assman type if possible) or some other device in which
some measure of accuracy is documented. If it is convenient to get a second
point outside the building, assuming that the dew point temperature is dif-
ferent outside (usually true if the building is air conditioned with water
removed or added), further confidence in the performance is possible., Of
course, the manufacturer's methods for checking parts of the system (see the

manual) should also be exercised.

8;2.5 Precipitation
The receiving inspection for a precipitation gage is straight-
forward. With the sensor connected to the system, check its response to water
(or equivalent weight for weighing gages) being introduced into the collector.
For tipping bucket types, be sure that the rate is less than the equivalent of
one inch (25mm) per hour if the accuracy check is being recorded. See the

section on calibration (8.3) for further guidance.
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8.2.6 Pressure

A check inside the building is adequate for an acceptance
test of atmospheric pressure. An aneroid barometer which has been set to

agree with the National Weather Service (NWS) équivalent sea-level pressure

can be used for comparison. If station pressure is to be recorded by the
pressure sensor, be sure that the aneroid is set to agree with the NWS

station pressure and not the pressure broadcast on radio or television. A

trip to the NWS office may be necessary to set the aneroid for this agreement
since the station pressure is sensitive to elevation and the NWS office may

be at a different elevation than the receiving location.

8.2.7 Radiation

A simple functional test of a pyranometer or solarimeter
can be conducted with an electrical light bulb. With the sensor connected
to the system as it will be in the field, cover it completely with a bax
with all cracks taped with an opaque tape. Any light can bias a “zero"
check. The output should be zero. Do not make any adjustments without
being absolutely sure the bax shields the sensor from any direct, reflected,
or diffuse light. Once the zero is recorded, remove the bax~and bring a
bulb (100 watt or similar) near the sensor. Note the output change. This
only proves that the wires are connected properly and the sensor is sensi-
tive to light.

' If a net radiometer is being checked, the bulb on the bottom

should induce a negative output and on the top a positive output. A “zero"
for a net radiometer is much harder to simulate. The sensor will (or may)

detect correctly a colder temperature on the bottom of the shielding bax than
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the top, which may be heated by the light fixtures in the room. Check the

manufacturer's manual for guidance.

8.3 Routine Calibrations

It is not possible to generalize a routine calibration. One
system design might require “routine calibrations" quarterly while another
might require them daily. This section will address what the calibration
should be and how the required period might be determined. For this section,

all variables will be considered under each category.

8.3.1 Sensor Check

There are three types of action which can be considered a
sensor check. First, one can look at and perform "housekeeping” services
for the sensors. Secondly, one can measure some attribute of the sensor to
detect deterioration in anticipation of preventative maintenance. Thirdly,
the sensor can be subjected to a known condition Qhose consequence is pre-
dictable through thg entire measurement system, including phe sensor
transducer. Each of these will be addressed for each variable, where appro-
priate, within the divisions of physical inspection and measurement and

atcuracy check with known input.

8.3.1.1 Physical inspection
The first level of inspection is visual. The
anemometer and vane can be looked at, either directly or through binoculars
or a telescope, to check for physical damage or signs of erratic behavior.
Temperature shields can be checked for cleanliness. Precipitation gages

can be inspected for foreign matter which might effect performance. The
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static port for the atmospheric pressure system also can be examined for

foreign matter. Solar radiation sensors should be wiped clean at every

opportunity.

A better level of physical inspection is a “hands

on" check. An experienced technician can feel the condition of the anemometer

bearing assembly and know whether or not they are in good condition. This
is best done with the aerodynamic shape (cup wheel, propeller, or vane)
removed. Caution: Damage to anemometers and vanes is more likely to result
from human handling than from the forces of the wind, especially during
removal or installation and transport up and down a tower. The proper

level of aspiration through a_forced aspiration shield can be felt and

heard under calm condition.

The best level of sensor check is a measurement.
The anemometer and wind vane sensors have bearings which will certainly
degrade in time. The goal is to change the bearings or the sensors before
the instrument falls below operating specifications. Measurements of
starting torque will provide the objective data upon which maintenance
decisions can be made and defended. The presence, in routine calibration
reports, of starting torque measurements will support the claim for valid
data, if the values are less than the replacement torques.

The anemometer, identified by the serial number of
the aerodynamic shape, should have a wind tunnel calibration report (see
Section 8.1) in a permanent record folder. This is the authority for the
transfer function (rate of rotation to wind speed) to be used in the next
section. The temperature transdu;ers, identified by serial number, should

have calibration reports showing their conformity for at least three points
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to their generic transter function (resistance to temperature, usually).

These reports should specify the instruments used for the calibration and
the method by which the instruments are tied to national standards (NBS).
The less important sensors for solar radiation and atmospheric pressure can

be qualified during an audit for accuracy.

8.3.1.2 Accuracy check with known input

Two simple tests will determine the condition of
the anemometer (assuming no damage is found by the physical inspection).'
The aerodynamic shape must be removed. The shaft is driven at three known
rates of rotation. The rates are known by independently counting shaft
revolutions over a measured period of time in synchronization with the
measurement system timing. The rates should be meaningful such as the
equivalent of 2 m/s, 5 m/s and 10 m/s. Conversion of rates of rotation to
wind speed is done with the manufacturer's transfer function or wind tunnel
data. For example, if the transfer function is m/s = 1.412 r/s + 0.223,
then rates of rotation of 1.3, 3.4 and 6.9 revolutions per second (r/s) would
be equivalent to about 2, 5 and 10 m/s. A1l that is being tested is the
implementation of the transfer function by the measuring system. The
output should agree within one increment of resolution (probably 0.1 m/s).
If problems are found, they might be in the transducer, although failures
there are usually catastrophic. The likely source of trouble is the measure-
ment system (signal conditioner, transmitting system, averaging system and
recording system).

The second test is for starting torque. This

test requires a torque watch or similar device capable of measuring in the
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range of 0.1 to 10 gm-cm depending upon the specifications provided by the

manufacturer.

A successful response to these two tests will
document the fact that the anemometer is operating as well as it did at
‘receiving inspection, having verified threshold and accuracy. Changes in
distance constant are not likely unless the anemometer design has changed.
If a plastic cup is replaced by a stainless steel cup, for example, both
the transfer function and the distance constant will likely be different.
The distance constant will vary as the inverse of the air density. If a
sea-level distance constant is 3.0m, it may increase to 3.5m in Denver
and 4.3m at the mountain passes in the Rockies.

For wind direct